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Si.rrriificance of the Study 
Distance running has a long history, dating back to the times 
when running was a means of getting somewhere and also was a means of 
communication. Today distance running is a popular activity that is 
engaged in by athletes for competition, or by people who are aware of 
the value of jogging for physical fitness. 
The present day athletes who engage in cross co untry and distance 
running must dedicate themselves to running many miles in training to 
prepare for a season of competition. Distance running coaches 
employ various trai ning methods for their athletes , knowing they need to 
increase cardiovascular endurance in order for performance improvement 
to take place. Many coaches are aware of the research which shows the 
effects of training on the cardiovascular endurance in order for 
performance improvement to take place. Many coaches are aware of the 
research which shows the effects of training on the cardiovascular 
system as related to running proficiency. Research involving 
well-trained athletes has shown the tremendous cardiovascular capacities 
' 
l' 
that can be developed. This kno�ledge has helped the coach in training 
and developing his athletes--particularly the long distance runners. 
1:sengt Saltin and Per Olaf Astrand, "Maximal Oxygen Uptake in 
Athletes," Journal of Apulied 1'hysiology, 23:353-358, September, 1967. 
Cross country running is an activity that is primarily of an 
aer obic nature.2 The intensity of the training is left up to the 
coach, but he must try to get the runner ready to perform at his best. 
As the cross country season is completed, these same runners often 
will be competing in various events during the indoor and outdoor 
track and field seasons. Their training for regular track competition 
is likely to change somewhat as these runners will probably be 
participating in events of varying distances. 
2 
Studies involving the cardiovascular fitness and body composition 
of an athletic team throughout a season have been few. Cross country 
athletes who also compete in track and field are involved in a season 
that is as long as the school year, and many physiological changes are 
likely to occur in runners. The changes that do occur would be of 
interest to a coach in improving the training and performance of his 
athletes. It was felt that such information may be of assistance in 
developing better training methods and to provide data relative to the 
year-round physiological changes which take place in the cross country 
runner. 
Statement of the Problem 
The purpose of this study was t o investigate the effects of a 
nine month school yea:r of varsity cross country and track and field 
training on cardiovascular fitness, leg power, and body measurements 
2
Kenneth H. Cooper, M.D., Aerobics (New York: M. Evans and 
Company, 1968), p. 22. 
3 
of distance runners. The selected measurements taken included: maximal 
oxygen uptake, oxygen pulse, maximal pulmonary ventiliation, ventilation 
equivalence for oxygen, leg power, maximal heart rate, resting heart 
rate, and percent body fat. 
Hynothesis 
There are no significant changes or trends in the selected 
physiological responses of varsity distance runners throughout a 
school year of training and competition. 
Limitations and Delimitation§ 
1. The subjects included in this study were eight members 
of the South Dakota State University varsity cross country team. 
2. The data collected were: maximal OxYgen uptake, oxygen 
pulse, maximal pulmonary ventilation, ventilation equivalence for 
oxygen, maximal heart rate, resting pulse rate, weight, body fat, and 
leg power. 
3. Tests were given at approximately five week intervals 
beginning before regular cross country practice began in the fall of 
1971, until near the completion of the track and field competitive 
season in the spring of 1972. 
Definitions 
Cardiovascular fitness. Cardiovascular fitness is the oxygen­
forwarding capacity of an individual's cardiovascular system . 3 
JA. Holmgren, "Cardiorespiratory Determinents of Cardiorespiratory 
Fitness," Canadian Medical Association Journal, 96:697, Narch 25, 1967. 
, 
. 
Maximal oxygen untake (Max. Vo2). Maximal oxygen uptake is 
defined as the maximum amount of oxygen that can be supplied to the 
tissues of the body per minute. This measurement is calculated in 
4 
liters per minute (l/min) or milliliters per kilogram of body weight per 
minute (ml/Kg/min}. This term is also referred to as maximal oxygen 
intake, maximal oxygen consumption or aerobic capacity.4 
. 
Maximal pulmonary.ventilation (Max. VE). Maxi mal pulmonary 
ventilation is the maximal volume of air that a person can move into 
and out of the lungs as a physiological response to exercise.5 
Oxygen pulse. Oxygen pulse is the amount of oxygen taken out of 
6 the blood and delivered to the tissues per heart beat. 
. ' 
Ventilation equivalence for oxygen (vEo2). Ventilation 
equivalence for oxygen is the amount of pulmonary ventilation required 
per 100 ml/min of oxygen consumption. This measurement may be used as 
a rough indicator of ventilation efficiency.7 
Resting nulse rate. Resting pulse rate is the number of heart 
beats per minute while the subject has been resting for a period of time. 
M�-ximal heart rate . Maximal heart rate is ·the greatest amount of 
heart beats occurring as a result of a maximum physical performance. 
4P.H. Brynteson, "The Effects of Training Frequencies on the 
Retention of Cardiovascular Fitness" (unpublished Doctoral dissertation, 
Springfield College, Springfield, Massachusetts, 1969), p. 8. 
5Ibid., p. 10. 
6Peter V. Karpovich, Physiology of Muscular Activity (Sixth 
Edition, Philadelphia and London: W.B. Saunders Company, 1965), p. 135. 
7Benjamin Ricci, Physiological Basi s of Human Performance 
(Philadelphia: Lea and Febiger, 1967), pp. 252-253. 
Percent body fat. Percent body fat is the percentage of the 
subject's total weight that is made up of body tissue in excess of 
the subject's lean body weight. 
5 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
The review of related literature was concerned with reporting 
the effects of training on cardiorespiratory fitness. This chapter was 
divided into two parts: (1) Literature Related to Cardiovascular 
Fitness and the Effects of Training; (2) Literature Related to Athletic 
Seasons and Cardiovascular Fitness, Leg Power, and Percent Body Fat. 
The purpose of this review was to become familiar with techniques 
and procedures used in related studies. Knowing what other investigators 
reported. regarding training effects on cardiorespiratory fitness enabled 
comparisons to be made with the present investigation. Methods for 
analysis and interpretation of data were also of interest and benefit 
. to the i·nvestigator. 
Literature Related to Cardiovascular Fitness and the Effects of Training 
Swisher used various training intensities and durations to 
determine a minimal training program necessary in order to improve and 
maintain cardiorespiratory fitness. The subjects included fifty male 
volunteers from freshman basic physical education classes. A pre-test 
was conducted prior to a ten week training program to assess initial 
fitness. Intensity levels were established at 70 and 80 percent of the 
subjects' maximal effort and the duration of the exercise was ten, 
twenty, or thirty minutes of exercise on a bicycle ergometer. The 
subjects were divided into six equated:groups. Tests were also 
administered after five weeks and again at the conclusion of the 
training. Analysis of variance comput ed. among the mean changes of the 
groups between Test I and Test II and between Test I and Test III 
resulted in significant F ratios for maximal VE and VE02 in both cases. 
No significant F ratios were found for maximal Vo2, maximal heart rate, 
oxygen pulse or FEV10• 
Though there was a lack of significant differences among the 
groups, when the fifty subjects were considered as one group, it was 
found that a ten week training progra� was sufficiently long to cause 
significant increases in the cardiorespiratory levels of the subjects. 
The conclusion as a result was that little exercise was needed to 
maintain a high level of fitness.
1 
Knehr, Dill, and Neufeld investigated the effects of training on 
men at rest and at work . Fourteen non-athletic students followed a 
7 
training regime for middle distance runners over a six month period with 
three track wor kouts weekly. The subjects were studied before and during 
the training :period at rest and while doing two grades of work on a 
treadmill. The results indicated a slight increase in weight, a 
decrease in resting pulse rate of five beats per minute, and a slight 
reduction in the respiratory rate and volume due to the training program. 
During exhausting exercise, there was a mean increas e in maximal oxygen 
intake of 240 ml per minute with the largest increase occurring in 
1Joel A. Swisher, "The Effects of Selected Train ing Intensities 
and Durations on Improvement and Maintenance of Cardiorespiratory 
Fitness" (unpublished. Master ' s thesis, South Dakota State University, 
Brookings, 1970), pp. 1-72. 
B 
the first eight weeks of training. There was no significant di�f erence 
in metabolic rate or hemoglobin.2 
Tuttle used one hundred seventy- two female subjects to study the 
effects of various levels of training· on work capacity. The subjects 
ranged from eighteen to twenty-five years of age and included. physical 
education majors, student nurses, and a random selection of undergraduate 
students. The physical education students were participating in a 
program involving regular and strenUQUS exercise. The physical education 
majors exhibited. a significantly greater capacity to do work than the 
other subjects . It was found that the maximum work rate is attained at 
about fifteen seconds and held for a few seconds. followed by.a gradual 
reduction in work output . The well-conditioned subjects reached a 
fatigue level after a.bout 75 second s of decline, which was held the 
remainder of the two minute period. 3 
Saltin and Astrand determined maximal oxygen uptake in 95 males 
and 38 f em.a,le athletes. belonging to Swedish national teams. The men 
tested were involved. in nineteen different sports events, and the women 
involved were participants in nine different competitive even ts . 
t'!axi mal oxygen uptake was determined either from running on a treadmill 
or bicycling on a bicycle ergometer . The mean m��ima.l oxygen uptake for 
the fifteen males with highest scores was 5. 75 liters per -minute. The 
2c.A. Knehr, D.B .. Dill, and W. Neufeld, "Training and Its Effects 
on Man at Rest and Work," American Journal of Physiology, 136:148-156, 
1942. 
:\1.w. Tuttle, "Effect of Physical Training on Capacity to do Work 
as Measured by a Bicycle Ergometer," J ourna.l of Apulied Physiology, 
2:393-398, January, 1950. 
9 
mean ma.ximal pulmonary ventilation was 158.7 l/min; the mean heart rate 
was 185 beats per minute. The cross country skiers achieved. the highest 
team value with one subject reaching a maximal oxygen uptake of 
85.1 ml/Kg/min.4 
Freedman, Snider, Brostoff, Kimelblot, and Katz endeavored to 
determine whether or not training altered the methods of oxygen transport 
employed during mild to moderately severe exercise. Three college cross 
country :runners were studied before and after a season of cross country . 
Two of the subjects were studied in an U.l'ltrained state before the season 
began, and the other subject had trained f or approximately one month. 
The results obtained showed that an ordinary individual and the trained 
athlet e respond similarily with respect to increased cardiac output and 
increased arterio-venous oxygen difference when the level of oxygen 
consumption is increased up to approximately two liters of oxygen intake 
per minute. Evidence was also fou.11d that in both the trained and 
untrained state there is an increased ven tilation efficiency in exercise 
compared with rest. An increased maximu.m breathing capacity was found 
to occur as the result of training.5 
Karlsson, Astrand, and Ekblom used two train1ed and untrained 
male students, and one trained and one untrained female student to 
4 . . Bengt Saltin and Per Olaf Astrarid, "Maximal Oxygen Uptake in 
Athletes ," Journal of Applied Physiology, 23:353-358, September, 1967. 
5M.E. Freedni..an, G.L. S nider , P. Brostoff, S. Kimelblot, and 
L.N. Katz, "Effects of Training on Response of Cardiac Output to Nuscular 
Exercise in Athletes," Journal of Annlied Phvsiology, 8:37-47, July, 1959. 
10 
determine the training necessary to improve the oxygen transport system. 
Using a treadmill with a three degree slope, an ir:dividual speed was 
found that brought the subject to complete exhaustion after four minutes. 
In subsequent experiments , the treadmill speed was decreased in steps of 
one Km/hr., and the work time was correspondingly prolonged to maintain 
the sama distance. Each experiment was prece ded by ten ·minutes of 
running at a speed corresponding to about fifty percent of the 
experimental speed followed by· one minute of rest. The oxygen uptake 
and pulmonary ventilation were measured after one minute and between 
four and five minutes of running respectively. Heart rate was recorded 
continuously throughout the study. 
The results indicated that a reduction in speed up to three 
Km/min did not decrease the oxygen uptake and a plateau of maximal 
oxygen uptake. was observed. It was conclu ded that for optimal training 
of the circulatory system, the load on the oxygen transport system 
should probably be maximum. Also, since maximal oxygen uptake can be 
reached at a submaximal speed, a lower speed may be enough and perhaps 
t. 1 t . . 
. . . 1 6 op ima as a raining s�imu us. 
Ekblom, et. al., investigated the effect of sixteen weeks of 
hard physical training on the circulatory response to submaximal and 
maxiIBal exercise. The eight subjects, aged between nineteen and 
twenty-seven, exercised three times a week with the work consisting of 
6Jan Karlsson, Per Olof Astrand� a..11d Bjorn Ekblom, "Training 
of the Oxygen Transport S yst em in !fan," Journal of Anulied Physiolog;:y_, 
22:1061-1065, June, 1967. 
either dash , interval, or long distance running. Maximal heart rate 
was attained at the end of each work period. 
11 
Submaximal and maximal work was performed on a bicycle ergometer 
before ari..d after the training period. Oxygen uptake, heart rate, blood 
p�essure and cardiac output were determined during the testing. As a . 
result of the training period, the maximal oxygen uptake increased from 
3.15 to 3.68 liters/minute. The cardiac output and stroke volume also 
increased. The maximal heart rate was unchanged. The increased oxygen 
uptake was said to be due partly to the increased cardiac output and 
increased stroke volume. 7 
Faria randomly divided forty college men into three training 
groups and one control group to study selected cardiovascular 
adaptations during four weeks of training. The training bouts consisted 
of bench stepping at thirty step-ups per minute and of sufficient 
duration to elicit heart rates of 120-130, 140-150, and 160-170. The 
control group participated in volleyball in their regular physical 
education clas ses. 
The results of the training at a heart rate of 140-150 and 
160-170 beats/min. produced a significantly great.er eff.ect in the 
ability to perform work than did the playing of volleyball. There was no 
significant difference between the 140-150 and 160-170 training groups. 
Training at a heart rate of 120-130 did not have any effect. It was 
?Bjorn Ekblom, Per Olaf Astrand, Bengt Saltin, Jesper Stenberg, 
and Brittmari Wallstrom, "Effect of Training on Circulatory Response to 
Exercise,-" Journal of Anplied Physiology, 24:518-528, April, 1968. 
concluded that the terminal working heart rate is a key factor when 
training in order to elicit changes in physical working capacity.8 
Summary 
Related literature concerning the effects of intensities and 
dUrations of training on maximal oxygen uptake indicated that athletes 
and people involved in physical activity have higher capacities to do. 
work than non-athletes. Indications were that training at various 
levels dictated the degree of work capacity, and in most instances, 
training increased cardiovascular measures. 
Literature Related to Athletic Seasons and Cardiovascular Fitness . Leg 
Fower, and Pe�cent Body Fat 
Cook investigated the physiological responses of a swimming 
team during a season of training and competition. Eight male subjects 
were chosen from a varsity swimming team and tested six times with the 
first test given prior to the beginning of the swimming season and the 
12 
last given four weeks after the conference meet. As a result of analysis 
of variance statistics, the parametecs of endurance-dips, percent body 
fat, forced expiratory volume for one second, forced vital capacity, 
and maximal pulmonary ventilation all showed significant changes 
throughout the season at the . 05 level of confidence . In this case, 
endurance dips improved throughout the s.eason in a linear and positive 
.direction. The results showed no significant differences in leg power, 
8rrvin E. Faria, "Cardiovascular Response to Exercise As 
Influenced by Training of Various Intensities," Research Quarterlv, 
41:44-50, March, 1970 
maximal oxygen uptake and ventilation equivalence for oxygen. Maximal 
oxygen uptake means varied initially from 60.38 ml/Kg/min to 
13 
65.08 ml/Kg/min for the fourth test, and finally it leveled off at 61.92 
for the final test. Percent body fat means changed very little throughout 
the season varying from 11.48 percent at the beginning of the season to 
11.07 percent at the end of the season. Vertical jump values increased 
slightly during the season.9 
The Fitness Research Unit of the University of Alberta conducted 
a study to determine the effects of participation in intercollegiate 
swimming, hockey, and football on maximal oxygen consumption and exercise 
heart rate. Seventeen subjects from the three University of Alberta 
athletic teams and seven subjects in a control group were used in the 
study. The groups were tested before and after their training program. 
The subjects were tested on a treadmill beginning with a 0 grade at six 
miles per hour for 2.5 minutes. After a ten minute rest, the grade was 
increased 2.5 percent and the subject ran for anothe+ 2.5 minutes. This 
procedure was repeated until each subject was not able to continue at 
the work load. Gas samples were collected the last minute of each 
exercise period. A significant increase in maximal oxygen uptake was 
found only in the hockey group. They increased from a mean of 
52.07 ml/Kg/min to 56.93 ml/Kg/min. Training for swimming and football 
did not establish any significant changes in maximal oxygen consumption. 
9William Cook, "The Physiological Effects of a Season of Varsity 
Swimming Competition and Training on Selected Bodily Responses of 
Swimmers" (unpublished Master's thesis, South Dakota State University, 
Brookings, 1970), pp. 1-64. 
27�224 
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The swimming group, in fact, decreased. from 54.?9 ml/Kg/min to 
53.60 ml/Kg/min. Maximal heart rates in all groups were quite similar 
initially. As a result of participating in their respective sports, . 
football players' and swimmers' exercise heart rates stayed·nearly the 
same while the hockey team's exercise heart rates decreased from 
189.40 beats/min to 184.00 beats/min. This difference was not 
significant at the .05 level of confidence.10 
Eidsness investi gated changes �n selected cardiorespiratory 
fitness and body measurements of nine collegiate varsity basketball 
players. The study covered twenty-four weeks from the beginning of 
practice until four weeks following the last regular season game. 
Tests were conducted. approximately every five weeks. Polynomial 
regression statistics 1ndicated. only maximal oxygen uptake showed a 
trend throughout the season. The trend fit was a quadratic curve with 
an increase early in the season followed by a leveling off and a gradual 
decrease toward the end of the season. The initial test showed a mean 
maximal oxygen uptake of 54.56 at the beginning of the season . The 
third test indicated a midseason peak of 58.29 and a final mean maximal 
oxygen uptake of 53.69 indicating a tailing off. Percent body fat was 
9.45 percent at the beginning of the season and 7.50 at the end of the 
season although this was not a significant change. -Neither leg power 
lOMaxwell L. Howell, et. al., "Intercollegiate Athletics and· 
Maximal Oxygen Consumption" (Unpublished.report, University o:f Alberta, 
. Edmonton, Alberta, Canada), pp. 1-38. 
nor leg strength diff er enc es were found to be s i gnif icant . Th e leg 
power mean change was from 2 19 ft . lbs . to 238 ft . lbs . 11 
Ball used Cooper ' s twelve minute run as an indi cator of 
15 
cardi ovascular enduranc e along with measurements determi ning leg p ower 
and -perc ent body fat to determi ne changes in the physical c o ndi tion of 
college football players during a s eason of training and c o mp etition . · 
Twenty- two subj ects wer e  t ested five times , wi th the f irst test prior to 
th e start of fall camp and the last being three weeks aft er the final 
game of the s eason . F or the twelve minute run , the results of the means 
of f ive tests given showed a s light incr ease through the firs t six weeks 
of th e s eason f ollowed by a slight decreas e  throughout the rest of the 
s ea.son . The mea.n at th e beginning of th e s eas on for the · twelve minute 
run was 1 .  71 miles . The mean value f or the twelve minut e run increas ed 
to 1 .  77 mi les at m:i.ds eas on , and f ollowing this decreas ed. to L 75 miles 
at the end of the s eason . �fo change in leg power and :perc ent body fat 
was found . The mean perc ent body fat was 12 . 51 perc ent at the beginni ng 
of the s eason with f luctuations throughout th e s eas on and a final mean 
of 13 . 10 percent . 12 
Douglas and B ec klake us ed f o ur  university hockey players to 
determine what the eff ec ts of s easonal traini ng were o� maximal cardiac 
output . B efore and after four months of traini ng ,  the subjec ts 
11 Eff I .... c 11 . . B k t, 11 s J oh n  Eidsnes s ,  "Tha ec"'Ls or a o egia i:;.e · as � e oa eason 
on S elec ted Fi tness neasurements" ( unpublished Naster ' s thesi s , South 
Dakota S tate University , Brookings , 1971) , pp . 1-37 . 
12Thornas Ball , .,, Changes in th e Physical C o�d.ition of C ollege 
Football Players Throughout a C ompetitive S eason" ( unpublished f.Ias ter ' s 
thesis , S outh Dako ta S tate University ,  Brookings , 1971), ,. '.PP . 1-47 .  
16 
exerc ised on a bicyc le ergometer during two visits to the laboratory . The 
first visit i nvolved exercising at increasing submaximal work loads 
unti l the heart rate leveled off . During the second visi t ,  a warm-up_ 
was followed by two or three work loads beyond the last load where the 
heart rate had previously leveled off . The testing was completed when 
the subject could not sustain at l east two minutes of exerci s e  at the 
new load . Values were obtained for heart rate , cardiac output , and 
maximal oxygen uptake during the work loads . Maximal oxygen uptake 
did not increase significantly although the subjec ts were able to 
increase their work capacity by ten to eighteen perc ent on the bicycle 
ergometer . There were also no s ignificant changes or any trends in the 
values for maximum heart rate and cardiac output . The reason f or the 
increased work capaci ty was explained in terms of the subjec ts performing 
work with less increase in heart rate , oxygen uptake , or cardiac output 
because of less stress on circulation and respiration than before 
t . • 13 raining .  
Nagle and Pellegrino tested the maximal oxygen uptake in six 
high school runners over a competitive s eason from the first week in 
April until the last week in May . Using a treadmill , the first test . 
was completed before the first c ompetition and the last test was 
completed after the c ompetitive s eason was completed . The six runners 
competed in events ranging from the 440 yard dash to the two mile run . 
The pre-c ompetiti on workouts consi sted of over distance workouts • . The 
1� . G . v .  Douglas and Margaret R.  Becklake , "Effect of S easonal 
Training on Maximal Cardiac Output , " J ournal of Apnli ed Physi ology, 
2 5 : 6 00-605 , November , 1968 . 
regular season workouts c onsisted of mainly interval training. A 
17 
statistically significant change occurred in maximal Vo2 with each 
runner increasing in aerobi c power in excess of 200 ml/min .  The range 
for maximal uptake at the end of the s eason was 56 . 5  ml/Kg/min to 
70 ml/Kg/min . The maximal h eart rate showed. a decrease after training i n 
two subjec ts and an increas e in two subj ects . Data from the other two 
subjec ts were incomplete .  C ompetitive performances improved from the 
early season to late s eason f or each supj ect by an average of four 
14 
perc ent . 
Thomps on , Buskirk , and Goldmen investigated changes in body fat 
of college basketball and hockey players during a season . The subjects 
included ten varsi ty and four freshmen basketball players and twelve 
hockey players . The skinfold measurements and body weights w ere
.
rec orded 
before and after both groups ' seas ons . S kinfold measurements were made 
at the chest , upper arm , and ab::lomen . All three skinfold measurements 
were consistently smaller at the end of the seas on wi th the gr eatest 
changes in the al::dominal and upper arm skinfolds . There was not a 
significant change in body weight , but a redistributi on ·of weight was 
indicated by the skinfold readings . The presumption was that subcutaneous 
fat had been utili zed and muscle mass increased .
15 
14 · d R p 1 1  . "Ch. . M . 1 0 Francis J .  Nagle an • e.:.. egrino , anges in axima xygen 
Uptake in High School Runners Over a Competi tive Track S eason , "  
Res earch Quarterly ,  42 : 456-459 , D ec ember , 1971 . 
15c . W .  Thompso n ,  E .  R .  Buskirk ,
. 
and R .  L Go ldmen , "Changes in 
Body Fat , Estimated from Skinfold Measurements of C ollege Basketball and 
Hockey Players During a S eason , 0 R esearch Quarterly , 27 : 418 -'+30 . 
March , 1956 . 
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Buskirk and Taylor . f ound th e maximal oxygen uptake values i n  
forty- six male s tudents and thirteen s oldi ers . The subj ects were divided 
into four groups and c lass ifi ed as to the physical activi ty in which 
they engaged . The groups c onsis ted of a s edentary student group , a 
group of nine athletes engaged in football , gymnas ti cs and wrestling , and 
a group of six i ntramural sport participants , as well as a group of 
five cross country runners . I t  was shown that the students who were 
athletes had a signif icantly larger maximal oxygen uptake per kilogram 
of fat fre e  body wei ght than the s edentary group . The largest values 
were found in cross country runners . The s edentary s tudents w er e  
further divid ed into thre e  groups according t o  body composition .  The 
results showed no difference i n  maximal oxygen uptake per ki logram of 
fat free wei ght in those three groups . I t  was concluded that physical 
condi ti oning aff ects the maximal oxygen uptake without bei ng aff ec ted by 
th e p erc ent body fat , and that obesity has li ttle eff ec t on th e 
maximal performance of the card i or espiratory system .
16 
Walker tested twenty-three track and fi eld athletes five times 
at thirty day intervals from January through May . The purpos e of h i s · 
' study was to determine th e changes in body fat as computed from skinfold 
measurements of track and f i eld athletes during a s eason of training 
and c ompetiti on . W eight gain _ or loss was also recorded . The four 
skin:fold sites used w ere on the ch est , on . the ch eek , on the _ abdomen , and 
ort the upper arm . 
16Ellsworth Buskirk and H . L . Taylor , " Maximal Oxygen I ntake and 
Its Relation to Chronic Physi cal Activity and Obesity , u  J ournal of 
Applied Physiolowr , 11 : 72-78 , July , 1957 • 
19 
The data obtained during the study support th e conclusi on that 
track and field training and competiti on were responsible for a 
significant loss of subcutaneous fat and body weight . The vari ous losses 
as measured on the skinfold sites wer e  significant at the . 01 level of 
conf idenc e . f or the entire s eason . Significant losses were als o rec orded 
between the various tests . The mean body weight at the beginning of 
the s eason was 163 . 26 as compared to 160 . 69 at the end of the season .  
This loss was also significant .
17 
Adams determined the effects of a season of track and f i eld 
training and c ompetition on s everal physical fitness measures . 
Thirty-three members of a varsity college track and fi eld team were 
tested before the s eason,  s even weeks later , and finally at the 
conclusion of the s eason f ive weeks later , The results indicated no 
significant diff erenc e as a result of the s eason of training in height , 
body weight , girth measurements , vital capacity ,  and max:imum breathing 
capaci ty .  There was no significant difference i n  estimated body density , 
although a trend toward higher densi ty was noted . R esting puls e  rate 
and terminal heart rate showed no significant diff erenc es . A step test 
performed. · showed a significant difference in recovery pulse in the 
distance runners • . The thrower group differed materially from the 
17 . 
R ichard A .  Walker , "Changes in Body Fat as Computed from the 
Skin:fold Measurement of C ollege Track and Fi eld Athletes During a 
S eason of Competiti on and Traini ng" (unpublished Master ' s thesis ,  
. South Dakota S tate C ollege , 1959 ) , pp . 1-56 . · 
other t eam sub-g:roups in all parameters , and were not repres entative 
18 of the rest of the team . 
Novak , Hyatt , and Alexander determined the body c ompositi on , 
maximal oxygen uptake and ·the pulse rates after exercise f or sixteen 
football players , ten bas eball players , seven swimmers , nine track 
and fi eld men , and s even gymnasts . Each group was t ested within two 
weeks of the finish of their competitive seasons . The r esults showed 
2 0  
trackmen , gymnasts , and swimmers wi th ni!J.ety-five perc ent t o  ninety-six 
perc ent of their body weight fat free . Football and baseball players 
carri ed fourteen perc ent body fat . Values for maximal oxygen uptake 
were highest i n  trackmen and swimmers wi th values of 66 . 1  ml/Kg/min 
and 62 . 1  ml/Kg/min respectively . Gymnasts were somewhat lower with a 
maximal oxygen uptake of 55 . 5  ml/Kg/min .  Puls e rat es after exerci s e  were 
highest in baseball players ( 188 ) and lowest in track and field 
athletes ( 178 ) . The trackmen involved i n  the study c onsisted of 
sprint ers , middle di stanc e men , and distanc e  runners . 19 
Summary 
Literature related to seasons of traini ng and its eff e c ts . ·  on · 
cardiovascular fitnes s  i ndicated that variations occurred between tests . 
The degree of fitnes s  the subject poss essed prior to the t esting was a 
18william c .  Adams , "Eff ec t  of a S eason of Varsity Track and 
Fi·eld on S elec ted Anthropometric ,  C irculatory ,  and Pulmonary Function 
Paramet ers , "  R esearch Quarterlv , 39 : 5-15 , March ,  1968 . · 
l9Ladislav P .  Novak , R obert E .  Hyatt , and John F .  Alexander , 
"B ody Compositi on and Physi ological Function of Athletes , "  American 
lWdical Associat i on J ournal , 205 : 764-70 , S eptember 9 ,  1968 . 
21 
d t . . f '  t 20 , 21 e ermini ng a c  or . I n  some cas es the means of the c ardi ovascular 
fi tness tests c onduc t ed showed i ncreas es followed by a tai li�g off . 22 • 23 
For ac tiviti es that requir e  aerobic trai ni ng , the maximal oxygen uptake 
24 25 tended to i ncreas e during a s eas o n .  ' 
Leg power and perc ent body fat measurements i ndicated very 
li ttle change during a s eason . Perc ent body fat measurements .made on 
track and f i eld athletes i ndicated smaller values as a result of the 
training performea. . 26 • 2 7  As a whole , th� changes in perc ent body fat 
depended on the physi cal c onditi on of the athlete before the tes ting 
began . 
20Ball , loc . c i t , 
21 
C ook , loc . ci t .  
22E · d 1 . t i sness , oc . 01 • 
2�all , loc . ci t .  
24 Nagle and Pellegrino , loc . c i t .  
2�uskirk and Taylor , loc . cit . 
26�fovak , Hyatt , and Alexander , loc . c it . 
27Walker, loc . cit . 
CHAP'1'.t!!H I I I  
�·'.ETHODS AND PROCEDURES 
S o urc e of Data 
The subjects chosen f or thi s study were nine vars ity cros s  
country runners at S outh Dak o ta  S tate University .  One subj ect was 
eliminated due to i neligibi li ty .  The remaining eight subjects included 
one seni or , four juni ors , and three fr eshmen . A s  a result of a decision 
bas ed on their expected contributions to the team, thes e subjects were 
invi ted to return to sc hool and train for two weeks before the beginning 
of the fall term . Tabl e I indicates the characteris tics of the subjec t s . 
TABLE I 
SUBJECT CHA�ACT.ERISTICS AT TF.E 
TI ME CF THE I�HTIAL TEST 
Name Age Year H eight ( cm . ) W ei ght ( lbs . ) 
G . 3 .  21 Fros h .  174 . 0  143 . 0 
J . E .  20 Jr . 178 . 75 150 . 0 
G . H .  21 g.-.... .... . 174 . 5 150 . 5 
G . K . 21 Jr . 184. 75 148 . 0  
S . P .  18 Frosh . 185 . 0 151 . 0 
D . S .  20 Jr . 172 . 0  148 . 0 
J I  T.  18 Frosh . 174 . 5 133 . 0 
s .  u .  20 Jr . 182 . 0 148 . 0 
Organi zati on of the S tudy 
The :purpose of this s tudy was to investigate the eff ec ts of a nine 
month school of traini ng ar1d competiti on on the physical c ondi tion of 
distanc e runners . 
23 
The s tudy was c ompleted over a. p eri od extendi ng from the time the 
subj ects r eported to th e campus f or organized cross c ountry w orkouts on 
S eptember 8, 1971 , unti l  th e end of the track and f ield s eason on Nay 16 , 
1972 . The initial test gave indicati ons of the amount of training the 
subj ects had completed duri ng the summer months prior to reporti ng .  
Measurements made t o  determi n e  cardiorespiratory fi tness included maximal 
oxygen uptake , oxygen pulse ,  maximal pulmonary ventilati on , ventilation 
.. 
equivalenc e f or oxygen , maximal h eart rate , and resting puls e rat e .  
Measurem ents t o  determine body c ompo sition were weight and skinfold 
measurements f or perc ent body fat . Leg power was determined by a 
vertical jump . 
F or th e cross country s eason , the testing p eriods included a 
pre- tes t , a middle-of-the - s eason test , and a post- t est . T esti ng int ervals 
-
following c ompleti on of th e cross c ountry season were established every 
five weeks . Table II  indicates the testing dates . 
The c ondi ti oning program during the cross country s eason c ons i s t ed  
of more volume duri ng the early s eason with long easy runs . T oward the 
middle of the s eason some repeat work was introduc ed .- Mileage was 
dropped later in the s eason :pri or to the conferenc e and natio:nal meets . 
Ap�endix A c ontains examples of early season , mid-seas on and late 
s eason workouts . 
-
The workouts during th e i!'ldoor and outdoor s easons L1volved more 
spec iali z ed work . The runn ers wer e divided into two different groups 
with s ome of the subj ec ts running workouts designed for the 880 and 
24 
mi le , and the ·others completing workouts designed for the three mi le and 
six mi l e  runs , Examples of the indoor and outdoor workouts and examples 
of typical workouts for the two groups appear i n  App endix A .  
TABLE II 
TESTING DATES 
Test Date Time During School . Y ear 
I S ept . 3-6 I mmediately pri or to the 
beginni ng of th e traini ng 
s eason 
II Oct . 11-18 The middle of the cross 
country s eason 
III Nov. 12- 16 F ollowing the NCAA cross 
country championships 
IV Dec . 15-16 Just before . Christmas 
vacation 
v Jan , 24-2 5 During s emester break and just 
prior to the i nd oor trac k 
s eas on competi ti on 
VI F eb .  2 8-29 Approximat ely th e middle of 
th e indoor track s eason 
competition 
VII April J-4 Jus t pri or to the outdoor 
season comp�tition 
VI II May 1 5-16 I mmediat ely after the North 
C entral Conferenc e meet 
C ollec tion of Data 
Eight variables were s elec t ed in order that th e physiological 
condi ti on of a group of d i s tanc e runners c ould be assessed during a 
season of training and c ompetiti on , Maximal oxygen uptake was s elec ted 
2 5  
a s  a measure of cardiovascular fitness . 1 • 2  Oxygen pulse was used as 
an indicat or of the tissues ' ability to extract oxygen from the blo od .. 3 
Ventilation equivalence for oxygen was selected as a rough estimate of 
the ventilatory efficiency of the lungs . :Maximal pulmonary ventilation 
was selected as a factor in the determination of maximal lung ventilation 
• t  4 R t •  1 ' d ' h  . h t t . d "  ' h capaci y ,  es- ing pu s e  ra�e an � e maximum ear ra e in ica�ed t e 
result of training and fitness upon heart rate changes . 5 
Percent body fat and the vertical jump were the other parameters 
investigated . Excess body fat on athletes competing i n  endurance events 
can only harm their efficiency. Athletes training for enduranc e c ontests 
try to reduce excess fat to a minimum. 6  The vertical jump test was 
selected to determine whether prolonged. training for dis-tanc·e running 
would change power as the season progressed .  The sections that follow 
indicate the methods used to obtain the data . 
Measurement of maximal oxygen u-otake . The maximal oxygen uptake 
test is widely accepted as one of the most effective measures of 
. 1nonald K ,  Mathews , Ralph W ,  Stacy , and George N. Hoover , Phvsiology of Muscular Activity (New York : The Ronald · Press Company , 
1964) , p . 362 . 
2Henry J .  Montoye , An Introduction to :Measurement in Physical 
Education , Vol . 4 ( Indianapolis , Indiana : Phi Epsilon Kappa Fraternity , 
1970) , p . 34.  
3
Peter v . Karpovich , Physi ology of :Muscular Ac tivi ty (S ix th 
Edi ti o n ; Philadeluhi� : W . B . Saunders Company , 1965) , p .  135 • .c 
4Ibid . , p . 63 , 
5Mathews , op . ci t . ,  pp . 2 07-2 08,  
6Laurence E.  Morehous e and Augustine T .  �iller , Phvsi ology of 
&erci se ( S t . Loui s : Th e C . V . Mosby C ompany , 19o7) , P ·  2 02 . 
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cardiovascular· function of the individual . 7'  H,  9 M�"<imal oxygen uptake i s  
the greatest amount o f  oxygen a person can deliver to his tissues during 
physical work. Wh en an individual is subjected· to progressively 
increasing work loads , a linear relationship exists between work load 
. 10 and oxygen uptake until the maximal oxygen uptake is reachei . . When 
measured during maximal work involving large muscle groups , Vo2 uptake 
i 1 .  d . d t th b .  t f . ll s a va i in ex o .. e aero ic mo or power o an organis m . 
The procedure used for the pres ent study to measure maximal 
oxygen uptake was bas ed upon criteria necessary to elicit a maximum 
response .  A bicycle ergometer provided the load resistance , With the 
use of a metronome , the subjects pedaled at the speed of sixty revolutions 
per minute beginning with a load resistance of zero Kilograms (Kg) . The 
load resistanc e was increased , 5  Kg per minute thereafter until the 
subject was unable to continue the work load , The height of the 
bicycle for each subj ect was establish ed during the first testing period 
and was held constant throughout the study . S eat height was such that 
it allowed th e subj ec t to fully extend his legs while pedaling , 
7Per Olof Astrand and Kaane Rodahl , Textbook o-F' Work Physi ology 
( New York : McGraw-Hill Book Company , 1970 ) , p ,  613 . 
8 
Mathews , Stacy and H oover , op . cit . , p .  613 . 
9Loring B .  Roswell , Henry L . Taylor and Yang Wang , "Limitations 
to Prediction of Maximal Oxygen Uptake , "  Journal of Applied Physiology , 
19 : 919 , September , 1964 . · . 
lO
J ere H .  Mi tchell , M . D . , and Gunnar Blomquist , M . D . , " Maximal 
Oxygen Uptake , " The New England J ournal of Medicine , 2 84 : 1018-1022 , 
May 6 ,  1971 . 
1�er Olof Astrand t M . D . , "Aerobi c Work Capacity During Maximal 
Performanc e Under Vari ous C ondi tions , "  Physiology of Muscular Exercise 
(New York : The Ameri can H eart Association , 1967 ) ,  PP · 1-2022 - l-2l00 a 
Th e open c ircuit m ethod of gas c ollec ti on was empl oyed wi th the 
subject ' s  no s e  c l o s ed us i ng a nos e c lamp . Th e rubber mouthpi e c e  was 
f i t t ed on a modifi ed Oti s -McKerrow valve sys tem . This sys t em allowed 
atmospheri c  air to be breath ed i n ,  and the expired air to be channeled 
through a length of plas t i c  tubi ng i nt o  a CD4 Dry Gas Meter whi c h  
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measur ed gas volume . Expired air t emperature was rec orded by a c entigrad e 
thermom�t er as it pass ed through th e tubing . To obtain a repres entative 
sample , a mixing chamber mixed the expired_ air as it l eft th e gas meter . 
The air samples were pumped by a small electri c pump i nt o  bags whi ch held 
approximately two l i t ers each as the expired air pas s ed through the 
mixing chamber . 
R e cordi ngs of the barometric pressure and the gas t emperatures 
duri ng t es t ing enabl ed th e readi ngs to be corrected to STPD ( 0° 
c enti grade temp eratur e , 76 0 mi lli meters atmosph eri c pre�rnur e  free of 
water vapor ) . Th e air c o llecti ons and volume readi ngs were made during 
the las t  thirty s ec onds of each mi nut e with th e f irst thirty s ec onds 
allot ed to th e subj e c t s  f or adj ustment to the new load . A s t op watch was 
us ed to ti me th e peri ods of measurement . A Godart Pulmo Analyser was us ed 
to analyz e th e gas samples f or oxygen and carbon d i oxid e c o ntent . 
Maximal oxyge n  uptake was assumed to have been reach ed if 
c ertai n physi ological c ondi t ions were met . Th ese conditi ons were : 
respirat ory quoti ent of 1 . 10 or above , presenc e of hyperventilation , a 
leveling off in h eart rate and a diff erenc e of less than 150 mi lli let ers 
i n oxygen uptake of the las t two work loads . If the s e  i ndicators were 
not pres ent , a retest was c o ndu c t ed .  
M easurement of oxygen pulse . Oxygen pulse expr es s es the ext ent 
of oxygen delivery to the ti s sues per heart beat . This i ndex assumes 
great er i mportanc e when c ons ider ed along with other card i opulmonary 
data .
12 
Oxygen puls e i s  a relat ive measure of . stroke volume . 13 
2 8  
Maximal oxygen pul s e  was measured during t h e  peri od that maximal 
oxygen uptake was d et ermi ned . 
14 
The f ormula used f or d et ermini ng oxygen 
pulse was : . 
Maximal Vo2 ( l/min) 
Oxygen Puls e = Maximum Pulse Frequency 
Measurement of maxim.al pulmonary vent i lation . Pulmonary 
ventilation is exp ec t ed duri ng mild exerti on to have a linear relationship 
with oxygen consumption . Wi th the accumulation of lactic acid , 
pulmonary ventilation becomes exc ess and no longer bears the same 
relati onship to oxygen consumption . It  d oes indicat e , however , that 
pulmonary vent i lati on is capabl e of increasing as t h e  l i mi t  of c irculatory 
adjustment is r each ed . This means that the mi nut e volume of breathing 
is unlikely to be a limiti ng factor in exerc i s e .
15 A p ositive correlation 
exists between maximal pulmonary vent i lation and maximal oxygen uptake , 
b t . 1 . t. . k 
16 
u it cannot be us ed as a pr ed i c t or of maxima_ oxygen up· a e .  
1�icci , op . cit . , p .  268 
l3Astrand and R odahl , op . c i t . , p .  333 . 
14K . h . t arpovic , op . ci . ,  p . 135 
l5Moorehouse and Mi ller , op .  c i t . , p .  140 
16Ibid . , p. 2 07 . 
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Maximal . pulmonary venti lati o n  was measured during admini stration 
of the maximal oxygen uptake tes t .  I t  was measured as the greatest 
volume of air exhaled duri ng any given minute of th e maximum exerci se 
correc ted to STPS (body temperature , ambient atmosph eric pressure and 
was saturated with water vapor ) . 
Measurement of ve nti lati on equivalenc e for oxygen. The 
ventilation equivalenc e f or oxygen is  a determination of the diffusing 
capac ity of th e lung . This measure provid�s an index of th e dimensions 
of the pulmonary capillary bed , and the pulmonary membrane and the 
overall effic i ency of the system in the exchange of respiratory gas es . 17 
V enti lati on equival enc e for oxygen was based on the maximum 
amount of oxygen c onsumed. and th e maximal pulmona:.ry ventilati o n .  The 
measure indicates the liters of oxygen diffused to th e blood stream . 
f h f 1 . 18 rom the lungs per mi nut e .  T e ormu a is : 
V enti lati o n  (liters/min) x 100 
Max .  Vo2 (cc/min ) 
Measurement of maximal heart rate . H eart rat e reached during 
exerti on has been found to c orrelate fairly closely with work load . 
Today with the ease that puls e rate may be c ounted during exerci s e , 
it has helped to determine the changes in heart rate during exercis e .  
There have also been attempts to determi ne a c orrelati on between maximal 
l7Astrand and Rodahl , op . c i t . , p .  161 
18 . & • .1. 2 "'2 �1cc1 , op . ci � . , p . J .  
oxygen uptake and maximum heart rat e .  · Generally the i ncrements of 
increas e i n  heart rates are l es s  as a pers on ' s  maximum is reached , 19 
JO 
The heart rates were rec orded on a physiograph duri ng the last f ew 
minutes of the exercise . Electrodes were plac ed on th e skin over a rib 
just below the two pectorali s major muscles for transmitting of the heart 
b eat , A ground electrode was placed on the upper part of the back near 
the neck.  A count was made of the greatest number of heart beats 
occurri ng during a fifteen second peri od and multiplied by four ,  The 
greatest number of beats occurri ng during a fif teen s econd period 
anywhere near the completion of th e test was considered maximum. 
Measurement of resting puls e  rate. With training there has been 
shown to be a small and consi stent reduction in the resting heart rate . 
With a heart that beats slower , c ontrac tions are more powerful , and an 
increased stroke volume whi ch occurs c ompens ates f or th� lower heart 
rate . 2 0 It has long been established that individuals with considerable 
21 
enduranc e have a slow resting heart rate . 
R es ting pulse rat e  measurements were made by each of th e subj ec ts 
themselves . I nstructi ons were given to take a fifteen sec ond pulse c ount 
just as the subjec t  awakened from a ni ght ' s  s l eep . The subjects were 
asked to take their resting puls e rate the day of the test and again 
during the next six days . A mean of the measurements obtained was 
considered the resting pulse rate for each subj ect . 
l9Morehouse and Miller , op . cit . , P ·  97-100 . 
20Ibid . , p . 312 .  
21Astrand and R oda-hl , op . c it . , P ·  403 . 
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Measurement of body fat . The method of measuring p erc er1t body 
fat us ed in thi s inves tigati on was a proc edure develop ed by Forsyth . 
Using fifty male c ollege athletes , Forsyth measured density by th e 
underwater imJilersi on t echniqu e .  He develop ed te?l reg.cessi on eq_uati ons 
for estimating body fat after obtaining fifteen anthropometric measurements 
on each of the f if ty subjec ts . The r egression equati on that was 
es tablished had a multiple c orr elati on with the u..�der;..rater technique 
of measuring body d ensi ty of 0. 86 and a standard error of estimate of 
. 005 . 22 The equation adopted for the pres ent study was as follows : 
Body Dens i ty = 1 .  02415 - . 00169x + • ooLi44x - • oorL 15 1 JX 12 
x 15 = S ubscapular skinf old 
x1 = H eight in decime ters 
x12 = Abdomi nal skin:fold 
To c o mput e p erc ent body fat from dens ity , the formula us ed by 
Forsyth and develop ed  by Brozek was us ed : 2 3 
Perc ent Body Fat = 4, 5? - 4. 142 
B ody density 
Sv..inf old thicknesses were measured at two s ites . The first s i te 
measured was an abdominal skinf o ld which was taken hori zontally midway 
between the tunbilicus and the right ti:p of the illiac crest . The second 
site take� was a subscapular skinf old measured diagonally beneath the 
lower edge of the vertebral border of th e right sca}mla . The subj ects ' 
r 
22Ha.rry L .  Forsyth , 0The Estimation of Lean B ody U eight in f.12.le 
Athletes ' '  ( unpl(blished D oc tora.l dis s ertation , Sp:!:'ingfield C ollege , 
Springfield , Eassac husetts , 1970 ) , P ·  57 . 
23-rb•  d .L ]. • 
skin was firmly grasped by the thumb and f oref inger of the left hand . 
The resulting skinfold obtained was kept srnall , but still was a defini t e  
fold . Th e calipers were plac ed at the crest of th e skinfo ld as clos e to 
the thumb and forefi nger as possible . 
Three measur ements w ere obtained fro m  both the al:xiominal and 
subscapular ski nfold s ites . The mode of th e three measures was us ed .  
If n o  mode was obtained , two more readi ngs were taken i n  order to 
obtain a mode . A Lange Skinfold Caliper was utili zed to obtain the 
measurements to the nearest mil limeter . 
Heasurement of leg power . Leg power was measured by the vertical 
jump using a proc edur e suggested by Van Huss and W . W . H eusner . 24 
An ad justable jump board with quart er inch markings was uti lized. . Th e 
subjec t was instruc ted to s tand s ideways to the jumpboard and reach as 
high as he could w i th the arm c losest to th e jumpboard . A sliding 
yardsti c k  in the middle of . th e jumpboard was pushed up with th e middle 
f i nger of th e hand to r ecord the maximum reach . The subject was next 
instruc ted. to plac e chal!< on his fingers and to jump as high as possible 
with the hand closest to the jumpboard . The jump was acc omplished from 
a sq_uat position with the subje c t  throwing up his ar m  as h e  jumped . 
Three trial jumps were allowed. with the best of the jumps rec orded .  
Th e h eight of the jump was determined by match ing the high est point of 
the chalk mark made by the hand with the yard ruler n ext to th e  mark � 
Th e investigator. s t o od on a step ladder to rec ord the ju.7nps . 
---- --
24 � •t !•.on oye , o:p . c i t . , p .  19-2 0 .  
Proc edure for C ollec ti ng Data 
On the first day of test ing th e subjec ts reported to the Human 
Perf ormanc e Laboratory dressed in shorts and running shoes . The height 
and weight of each subj ec t were rec orded with shoes off . This was 
f ollowed by p erc ent body fat measur ements . Finally on the first day 
the maximal oxygen uptake t es t  was gi ven . On the s ec ond day only the 
vertical jump test was ad.ministered . 
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CHAPTER I V  
ANALYSIS AND DIS CUSSION OF RESULTS 
Organizati on of the Data f or Analysis 
The purpose of this inves tigati on was to study the effects of a 
season of cross country and track and fi eld training on selected 
physi ological responses . 
The data were organiz ed i n  such a manner as t o  analyze the 
physiological changes that took place during a complete nine month 
training season . The parameters that were measured were maximal oxygen 
uptake , oxygen pulse ,  venti lation equivalenc e for oxygen , maximal 
pulmonary ventilati on , vertical jump , resting pulse rate , maximal h eart 
rate , perc ent body fat , and body weigh t .  The testing period began as 
the cross c ountry team r eport ed for fall workouts and lasted until the 
c onf erenc e  track and fi eld me et in the spri ng. 
Nine variables were measured eight times duri ng the tes ting 
period . Table I II indicates the mean score for all parameters for each 
variable on the specific testi ng data . Raw data for all variables are 
in Appendix B .  
The statistical procedure applied to the data was a polynomial 
regression analysis , 1
 
The data were analyz ed to see if they fit a 
linear , quadratic , cubic or quartic equation.  The . 05 level of 
�obert S teel and James Torri e ,  Princinles and Procedures of 
S tati sti c s  ( New Y ork : McGraw-Hill Book C ompany , Inc .. , 1960) , PP • 332-345 . 
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TABLE III 
TABLE OF MEANS 
Test Tes t  Test Test Test Test Test Test 
Parameter I I I  II I IV v VI VII VIII 
Maximal v0} 
(ml/Kg/min . 59 . 24 62 . 16 66 . 59 66 . 93 66 . 42 66 . 03 6 5 . 74 64. 47 
o2 Pulse 
( ml/min )  21. 68 22 . 49 24 . 14 24. 23 24 . 40 24 . 28 24. Jl 23 . 7  
VEo 
( m17'mi n )  2 .  6L� 2 . 55 2 . 57 2 . 63 2 . 66 2 . 71 2 . 62 2 . 76 
Maximal VE 
( l/min ) 137 . 14 134. 40 144. 30 152 . 9.5 i53 . 38 161 . 16 1.50 . 70 153 . 6 5 
V ertical 
Jump (in )  17 . 92 18 . 63 17 . 72 18 . 77 19 . 59 19 . 28 19 . 09 2.0 . 73 . 
Percent 
B ody Fat 8 . 54 8 . 79 8 . 97 8. 96 8 . 15 8 . 32 8 . 16 8 . 38 
W eight 
147 . 13 146 . 44  ( lbs ) 146 . 41 143 . 94 143 . 13 145 . 56 147 . 19 147 . 5 
R esting 
45 . 86 46 . 5 46 . 88 46 . 38 Pulse Rate L�8 . 38 46 . 38 47 . 13 48 . 25 
Maximum 
Heart Rate 184 • .5 181 . 0  181 . 0 183 . 0  182 • .5 182 . 5 181 . 0 181 . 5 
c onfidenc e was es tabli shed as the minimum level of c onfidenc e  needed 
in order f or an equation to be considered significant . 
Analysi s  o f  Data 
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The results of the polynomial regression statistics for all 
va:dables are s hown in Table IV . Four of the variables studied 
signifi cantly fi t a specifi c regressi on curve . Th e changes i n  maxi mal · 
pulmonary ventilati o n  throughout the s eason fit a linear regr:ession 
equati on as indicated by an F .  rati o of 5 . 31 .  The equati o n  i s  lis ted 
and plotted in Figure 1 .  The changes in th e vertical jump throughout 
the s eason fit a li near regression equation as indicated by an F .  rati o 
of 9 . 73 .  The equation i s  li sted and plotted. i n  Figure 2 .  The changes 
in maximal oxygen uptake fit a quadratic equation as indicated by an F .  
ratio of 10 . 18 ,  The equati on is listed and plotted i n  Figure 3 . The 
changes in oxygen puls e throughout the s eason f i t  a quadrati c  equati on 
as indicated by an F . ratio of 4. 40 .  This equation i s  listed and 
plotted. in F igure 4.  Th e remaini ng variables did not reveal a 
significant trend s 
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TABLE IV 
RESULTS OF POLYNOMIAL REGRESSION 
Parameter Polynomial Regression F *  Value 
Maximal v02 Linear 5 . 4248 
Quadratic 10 . 179 
Cubic o . 6481 
Quartic 0 . 0141 
o2 Pulse Linear 4 .  3642 
Quadratic 4 . 4019 
Cubic 0 . 0078 
Quartic o . 4358 
VE02 Linear 
0 . 8104 
Quadratic o. 02 71 
Cubic 0 . 0936 
Quartic 0 . 5748 
Max , v · Linear 5 . 3084 E 
Quadratic 2 . 1066 
Cubic 0 . 1175 
Quartic 0 . 7817 
Vertical Linear ' 9 .  7320 
Quadratic 2 . 6529 
Cubic 1 . 5957 
Quartic 1 . 3678 ' 
Percent Body Fat Linear 0 . 0436 
Quadratic 0 . 6670 
Cubic 3 . 7527 
Quartic 0 . 0676 
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TABLE IV ( continued ) 
Parameter Polynomial R egression F* Value 
Weight Linear 1 . 5459 
Quadratic - - - - - -
Cubic 2 . 0564 
Quartic o . 46 02 
Maximum Linear 0 . 1857 
Heart Rate Quadrati c o . o6i6 
Cubic o . 4038 
Quarti c 0 . 3973 
R esting Linear L 932 3 
Pulse Rate Quadratic 0 . 6752 
Cubic 0 . 76l8 
Quartic 0 . 1214 
*F . 05 ( 1/59 ) = 4 . 01 
160 
150 
Max . VE 145 
( l/min )  
140 
135 
Y = 136 . 8537 + 2 . 743x 
Y = Maximal Pulmonary Ventilation 
X = Test Number 
'--------
4 5 6 8 
Test Number 
7 1 2 3 
Figure 1 
Linear R egression Curve for Maximal Pulmonary Ventilati on 
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y = 55 . 996 + 4 . 241X - . 4osx2 
Y = Max .  v02 
X = Weeks 
J 4 
Test Number 
5 6 7 
Figure J 
Quadrati c R eg.cession C urve for Cardiovascular Condi tion 
41 
8 
2 5 . 00 
24. 00 
23 . 00 
22 . 00 
02 Pulse 
( ml/heart beat ) 
2 1 . 00 
2 0 . 00 
1 2 
Y = 2 0 . 421 + l . 422X - . 129x2 
3 
Y = Oxygen Puls e 
X = Test Number 
4 5 6 
Test Number 
F igure 4 
7 




Summary and Di s cussion of R esults 
The results of th e testing f or a polynomial regressi on r evealed 
a s ignif i c ant linear regres sion equati on f or both the verti cal jump a�d 
maximal pulmonary venti lati on . S i gnif icant quadratic regression equati ons 
for maximal oxygen uptake and oxygen puls e were als o  r evealed. as a 
result of th e seas on of traini ng . The remaining five variables did 
not f i t  a sp ecific regression equati on , and , therefore , were not 
significant . The significant linear regression equatio n  f or maxi mal 
pulmonary ventilation can possibly be attributed to the general i ncreas e 
in maximal OA'"y-gen uptake whi ch was also obs erved . Both Ricci and 
Holmgren and Astrand report a high relationship exists between ventilati on 
and oxygen c onsumpti o n . 2 • 3  
The i ni tial test produced a mean' of 137 . 14 li ters per minute 
( l/min )  i ndicati ng a qui t e  high pulmonary ventilati on at the s tart of the 
season. An i ncreas e continued up to th e sixth test , where a mean high of 
161 . 16 l/min was established . S altin and Astrand f ound a mean maximal 
pulmonary venti lati on of 156 . 0  l/mi n i n  the top twenty athletes i n  their 
4 
study whi ch inc lud ed ma inly cross c ountry ski ers and d� stanc e runners • . 
Although the subjec ts ' cardiovascular c onditioning c ould be considered 
2B enjamin Ri c c i ,  Physi ological Basis of Human Performanc e 
(Phi ladelphia :  Lea and F ebiger , 1967) , p .  124.  
3A . H olmgren and P . O .  Astrand , "DL and th e Dimensi ons . a nd 
Functi onal Capac iti es of the Oz transport Systems in Humans , "  J ournal 
.Qf ApPli ed Physi ology: , 2 1 : 1463-1470 , 1966 . 
4B engt S alti n and Per-Olof As trand , " Maximal Oxygen Uptake in 
Athletes , "  Journal of Apnl; ed Physiology , 2 3 : 353-358 , S eptember , 1967 . 
high before the s eason .began , the program of intensive training duri ng 
the cross c ountry s eason did produc e a subs tantial improvement , and. the 
�aximal pulmonary ventilati on values the subjects obtained are �uite _high .  
Ekblom and his c o-workers f ound an increase of from 112 . 4  l/min 
to 147 . 7 l/min for eight sub j ec ts after a four month phys i cal training 
program which inc luded running . 5 Similar i ncreases in maximal pulmonary 
ventilation were obs erved by other i nvestigators . 6 • 7  
Th e increas e in the vertic al jump a--lso fit a signif icant linear 
trend . It i s  the opi nion of the investigator that thi s  increas e can be 
attributed to the change in the runners ' training routi ne as the year 
progress ed .  Towards spring , more spe ed  work was emphasi z ed  and fewer 
miles w ere run . The linear trend s e ems to indicate that as running 
mileage decreases , the vertical jump performanc e increas es . 
None of the subj ects parti c ipated. in any type of weight training 
program during th e s eason . Speed work and interval training are 
designed to build s trength , and poss ibly thi s c ould have resulted in the 
vertical jump improvement . O ther investigator s have f ound l eg power 
5.sjorn Ekblom , ct . al . , "Eff ec t  of Training on Circulatory Respons e  
to Exerc is e , "  .Journal o f  Ann1 i ed Phvsiology ,  24 : 521-523 , April ,  1968 .  
6Hichael L .  Polloc k ,  Thomas K .  Cureton and Leonard Greninger , 
"Eff ec ts of Frequency Training on Working Capaci t! ' �
Cardiovascular 
Func tion , and Body C ompositio n of Adult Men , "  Medicine and S c i ence in 
Snorts , 1 :  70-7L� , June , 1969 . 
?Jo el A .  Swi sher "Th e Effects of S elected Training Intensiti es 
and Durations on Imurov�ment and Maint enanc e of Cardiovascular F i tne'ss" 
( unpublished l':as ter� s thesis , S outh Dakota State University , Bro okings , 
1970 ) , pp . 1-72 . 
i ncr eases as a result of seas ons of traini ng . Ball obtained a linear 
increase in the bench jump as a result of a season of training i n  
8 football . I ncreases in leg power were also obtained i n  basketball by 
Eidsness and in swimming by C ook , although nei th er f i t  a signif i ca nt 
regress i on equati o n . 9 , lO 
Means from the maximal oxygen uptake data were found to fit a 
45 
signif icant quadratic regress i on equatio n .  The runners reported. to cross 
country traini ng in exc ellent cardi ovascular c onditi on as indicated by 
an i ni tial mean maximal oxygen uptake of 59 . 24 ml/Kg/min .  The main 
i ncrease in cardi ovas cular c ondi ti oning was made duri ng the cross c ountry 
s eas on when the maximal oxygen uptake increased to 62 . 16 ml/Kg/min at the 
middle of the s eason and to 66 . 59 ml/Kg/min at the end of the s eas on . The 
runners were able to maintai n thi s  level of cardiovasc ular c ondi t i oning 
throughout the i ndoor track s eas on and mos t of the outdoor track s easo n . 
Toward the end of th e outdoor season , the mean maximal oxygen · uptake 
values tai led off slightly . 
Data obtained from previ ous studies indicate that a cardiovascular 
increas e can be expec t ed as a result of training or c onditi oning 
8Thomas Ball , "Changes in the Physical Condition of C ollege Fo otball 
Players Throughout a Competitive S eason" ( unpublished Master ' s  the si s , 
S outh Dakota S tate University ,  Brookings , 1971), pp .  1-47 . . 
9J ohn E idsness "The Eff ects of a C ollegiate Basketball S eason on 
S elec ted Fitness Meas�ements " ( unpublished Master ' s thesis , S outh 
Dakota State University ,  Brookings , 1971) , PP · 1-47 . 
lOWilliam C o ok "The Physi ological Effects of a S eason of Vars ity 
Swimmi ng C ompetition ;nd Trai ni ng on S elected Bodily R espons e � of . 
Swimmers " (unpublished Mas ter ' s  thesis , S outh Dakota S tate Uni vers ity , 
Brookings , 1970 ) , pp . 1-64.  
. . b . k 11 , 12 , 13 , 14 programs requiring aero ic wor • The results obtained from 
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the maximal oxygen uptake test i n  thi s investigati on agree . Thes e studies , 
however , have not investigated s easonal trends . F or this investigation , 
the results indicate a significant seasonal trend where cardiovascular 
condition increas ed ,  leveled off , and finally decreas ed slightly during 
the last pa.rt of the entire c ompetitive s eason. Eidsness found that 
basketball players improved rapidly early in the s eason and r eached a 
p eak from which they tailed off duri ng the � remainder of the season. 15 
Knehr , Dill , and Neufeld tested fourteen c ollege students over a period 
of six months as they trained for middle distance running. They found 
that the subj ects ' maximal oxygen uptake values increased by s even 
percent through the f ourth month at which the level r emained for the next 
two months . 16 
The high est mean maximal oxygen uptake during the s eason of 
testing was 66 . 93 ml/Kg/min , and the highest individual maximal oxygen 
uptake value was 78 . 17 ml/Kg/min. Evidenc e  reveals that the athletes 
11s . Robins on and P . M .  Harmon , "The E:ffects of Training and of 
Gelatin Upon Certai n Factors Whi ch Limit Muscular W ork � " America n  
Journal of µhysiology , 133 : 161-169 , May , 1941 . 
12jack H .  Wilmore , et . al . , "Phys iological Alterati ons R esulting 
from a Ten W eek Program of J ogging , " Medic ine and Sc i enc e  in Sports , 
2 : 7-14 ,  S_pring , 1970 . 
l3Pollock , Cureton and Greninger , loc . c i t .  
14s · h 1 it w i  S r  er , oc • c • 
15:Eidsness , loc . c it .  
l6c .  A .  Knehr , D . B . Dill , and William Neufeld , "Training and Its 
Effects on Man at R es t  and at Work , " American J ournal of Physiology , 
136 : 148-156 , March , 1942 . 
who have the highest maximal oxygen uptakes are tho s e  who plac e heavy 
demands on their aerobi c power . 17 Sal tin and Astrand found a mean 
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maxi mal oxygen uptake value of 83 ml/Kg/min f or five cross country ski ers . 
Swedish distanc e runners i n  Saltin and Astrand • s  s tudy had a mean ma.ximfil 
oxygen uptake value of about 79 ml/Kg/min . 18 Costill and F ox reported 
a mean maximal oxygen uptake of 71 . 4  ml/Kg/min in six nationally ranked 
marathon runners . 19 The maxi mal oxygen uptake of the runners i n  th is 
investigation are quite high , although they do not r each the values that 
nati onally ranked distanc e runners need to c ompete eff ectively .  None of 
th e runners in this s tudy were able to place high nati onally , although 
the team fi nished f ourth i n  the NCAA College Division Cross C ountry 
Championships . 
The data from the maximal oxygen uptake tests i ndicate to the 
i nves tigator that af ter an i ndividual has trained to reach a particular 
level i n  cardi ovascular c onditioni ng , he does not have to train as 
i nt ens ely ·to ma i ntai n thi s  given l evel . There was a slight tailing off 
i n · th e rr-.aximal oxygen uptake means toward the end of the season i n  this 
i nvestigati on , but possibly thi s  could have been due t? an increased 
amount of anerobic training by some of the subjects for track and f i eld 
and less aerobic ty-pe training that the distanc e events require . One of 
l7P er-Olof As trand and Kaane R odahl , Textbook of Work Physiology 
( New ' . Y ork : McGraw-H ill Book C ompany , 1970 ) , PP · 308- 310 . 
18salti n and A strand , loc . c i t . 
19David L .  C ostill and Edward L .  F ox ,  "Energetics of Marathon 
Runni ng , " Medicine and Scienc e  in S ·ports , 1 :  81-86 , June • 1969. 
th e subj ects (J . E . ) was suff ering from a mild cold during the f i nal 
testing period , whi c h  possibly caused a drop in his maximal oxygen 
uptake . This individual drop would , of cours e ,  aff ec t the group mean·. 
The final signif icant polynomial regression statistic was a 
quadratic regress i on for oxygen pulse . Oxygen pulse depends on the 
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amount of oxygen us ed and th e number of pulse beats duri ng a given t i me . 
I t  may be an i ndicator of stroke volume . 20 The oxygen puls e data found 
in thi s  i nvestigation followed much the same trend as did maximal oxygen 
uptake . Wilmore , et . al . , and P ollock , Cureton , and Greninger found 
similar results . 21 1 22 
Nei ther th e resting puls e  rate nor the maximal h eart rate data 
was s tatisti cally s i gnificant f or any regression , equation. Knehr , 
Dill , and Neufeld found a f ive beat p er minute decreas e f or h eart rate 
at res t after six months of middle dista�ce running training. 23 Lester , 
et . al . , f ound that the maximum h eart rate of trained athletes is 
found to b e  slightly lower than in untrained athlet es . 24 Howell , et. al . , 
20Pe ter v .  Karpovich ,  Physiology of Muscular Activity (Philadelphia : 
W . B .  Saunders Company , 1966 ) ,  p .  135 . 
2 \rilmore , e t . al . , loc . cit.  
22Pollock , C ur eton , and Greninger , loc . cit . 
23Knehr , Dill and Neufeld , loc . cit . 
24rvr . Lest er , L . T .  Sheff i eld , P .  Trammel , and T . J �  R e eves , :'The 
Effec t  of Age and Athletic Trai ning on th e Maximal Heare Rate Dur ing 
Muscular Exerc is e , "  American H eart J ournal , 76 : 375-376 , S eptember , 1968. 
found a decrease in maximum heart rate from 189 . 40 beats/min .  t o  
184 . 00 beats/min .  in hockey players during a seas on of training . 2 5  
The resting puls e rate results found i n  this inves tigati on 
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resulted in approximately a two beat per minute drop from the first test 
to the last test , There was no difference in maximal heart rates 
throughout the season , Nagle and Pellegrino found two subjects in their 
study who had a decrease and two who had an increase in maximal heart 
26 rate , Adams found no changes in either resting or maximal heart 
rates . 27 As runners in this study had done extensive running during the 
summer months and r eported to cross c ountry prac tic e  in exc ellent 
condition , only s light changes in resting and maximal heart rates might 
be· expected . 
The changes in ventilation equivalenc e for oxygen did not fit · a 
specific regression curve . F luc tuations were observed thrpughout · the 
s eason and the changes were slight . The changes occurring in 
ventilation equivalenc e  for oxygen may be attributed to a combinati on 
25Maxwell L. Howell , etc . al . , " Intercollegiat e . Athletics and 
Maximal Oxygen C onsumption" ( Unpubli shed R eport , University of Alberta , 
Edmonton , A lberta , Canada ) ,  pp . 1-38.  
26Francis J .  Nagle and R .  P ellegrino , "Changes in Maximal Oxygen 
Uptake in High School Runners Over a C ompetitive Track S eason , "  
R es earch Quarterly ,  42 : 456-459 ,  Dec ember , 1971 . 
27William C Adams "Effec t of a S eas on of Varsity Track and 
Field. on S elected Anthrop�metric , C irculatory and Pulmonary Function 
Parameters , "  R es earch Quarterly , 2 9 : 5-1.5 ,  March , 196 8 .  
of the changes occurring in both naximal pulmonary ven tilati on and 
. 1 .1. •  2 8  max i ma oxyg en co�sup uion .  
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There w ere no particular trend found in ei th er weight or p erc ent 
body fat as indi cated by non- signif icant regression equations . The mean 
weight at th e beginning of th e season was 146 . 41 lbs . 1 and th e mean 
weight at th e conc lus ion of the s eason was 146 . 44 lbs . Small 
fluc tuations were obs erved. also in p er c ent body fat as th e means stayed 
between eight and nine perc ent during th e entire s eason . C o still , B owers 1 
and Kammer found that ma.rathon runn ers pos s ess about ? . 5% body fat which 
was about 5% less than c ollege s tud ents of similar age . 29 S light weight 
and percent body fat d ecrea s es have been obs erved in studi es dealing with 
the eff ects of cardi ovasc ular training . 30 ,  3l The s light variations 
observed in this investigation p o s s ibly are due to a prevalent c onc ern 
among th e runners to keep t heir w e i ght down . Another reas on for the 
slight variation in body c o mposi ti on may have been due to th e low percent 
body fat and weight in th e initial tevt . 
The hypothesi s of thi s i nves tigation whi c h  stated that th er e  ar e  
no significant changes o r  trends in the s el ec t ed physiological r espons es 
of vars i ty distanc e runners thr ough out a s chool year of c ompeti t i on 
2 8Karpovich , op.  c it . , p .  ?4 . 
2 9D , L . Costill , R .  B owers , and H . F . Kamm er 1 "�kinfold Esti mat es 
of B ody Fat Among Marathon RUJ.vin ers , "  r•:edic i ne and S c i enc e in Sports , 
2 : 93-95 , Summer , 1970 . 
30Michael L .  Pollock , lac . cit . 
3\nehr t D i ll , and :'I euf eld , lac . cit . 
cannot be totally acc ept ed . The null hypothesis for cardiovascular 
fitnes s as measured by maximal oxygen uptake , oxygen puls e and maximal 
pulmonary ventilati on , and for power as measured by the vertical jump 
was reject ed , while the null hypothes is for the remaining paramet ers 
was accepted as stated . 
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CHAPTER V 
SUMMAR Y , CONCLUSIONS , AND RECOMMENDATIONS 
Summary of the S tudy 
· The purpose of this study was to determine the changes in the 
physiological conditi on of varsity di stance runners throughout a s eason 
of training and c ompetition . 
The subjects were eight S outh Dakota State University dis tance 
runners . All runners were tested eight times with approximately five 
weeks between tests . The testing period began just prior to organi z ed 
cross country workouts on S eptember 6 ,  1971 , and was c ompleted aft er 
the conf erence track and f i eld meet on .May 16 , 1972 . The t ests used 
to meas ure the physi ologi cal changes i ncluded maximal oxygen uptake , 
oxygen pulse , ventilati on equival ence of oxygen ,  maximal pulmonary 
ventilation , maximal heart rate , resting pulse rate , vertical power jump , 
body weight , and p erc ent body fat . 
Data were c ollected and recorded in such a way that physi ological 
changes c ould be analyz ed . Polynomial regression statistics were . 
appli ed to the data to determine whether they fit a l i near , quadrati c , 
cubi c , or quartic equation .  The . 05 level of confidenc e was accepted 
as the minimal level required t o  rej ect the null hypothesis . 
The result s of the polynomial regression stati s ti c s  for all 
Variables i ndicat ed that only maximal oxygen uptake , oxygen pulse ,  
maximal pulmonary vent ilati on , and vertical power jump fit a specific 
regressi on curve . Maximal oxygen uptake and oxygen puls e  both fit a 
53 
quadratic regression equation , and both maxim.al pulmonary vent1 lation 
and the vertical power jump f i t  a posi tive linear r egression eq_uation • 
.Ponc lusions 
Within the l i m i tations of thi s investigation ,. th e f ollowing 
c onc lus ions wer e  drawn : 
1 .  The s eason of dis tanc e running c omp etiti on and training 
caus ed a s ignifi cant trend in cardiovascular c ondition as measured by 
maximal oxygen uptake and oxygen puls e .  There was an increa s e  in 
cardiovascular c ondi tio n maans during the cross country s eason , a 
leveli ng off , and a s li ght decreas e a t  th e completio n  of the outdoor 
track s eason . 
2 .  The runners ex-perienc ed an i ncrease in both maxi mal pulmonary 
venti lation and the vertical power jump during the s eason which indicates 
a sign ificant posi tive linear tr end . 
After the d i s tanc e  runners achi eved a high cardiovascular 
\ 
condi ti on duri ng th e cros s c oun try s eason ,. a mileage drop in training 
did not cause a decreas e  but rather allowed the runners to maintain 
their high level of c ardiovasc ular fi tness . 
�ec omme�nation for Further Study 
The following rec omr:iendati ons are made for further study : 
1 .  A simi lar study be undertaken to det ermine what a s omewhat 
diff erent type of traini ng program might have on cardiovascular 
condi tio n .  
2 .  A motor-driven treadmill be used instead of a bicycle 
ergometer to provide the exerci s e  for t h e  maxi mal oxygen uptake test . 
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3 . A similar study be undertaken with blood sampl es being 
analyzed along with the other variables contained in thi s inves tigati on , 
such as r ed blo od c ell c olint , hemogl obin , and whit e  blo od cell count . 
4 . A similar s tudy be undertaken using middle di stanc e runners 
and sprinters along with the dis tanc e runners to c ompare the various 
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APPENDIX 
Cross C ountry 
APPENDIX A 
SAMPLE WORKOUTS US ED DURING THE CROSS COUNTRY , 
INDOOR AND OUTDOOR TRACK AND FIELD SEASONS 
The first part of the cross country s eason consi sted _ of - long , 
easy runs with the emphasis plac ed on overdistanc e training .  A s  the 
59 
season progress ed , more emphasi s was plac ed on increasing the pace with 
some i nt erval running added . During the first eight weeks of the s eason 
the training mileage was one hundred miles a week or more.  Emphasis 
was placed on r eaching top c ondition for the conferenc e and nati onal 
meets , therefor e ,  the other meets during the s eason did not require much 
alt erati on in the workout schedule . Examples of the cross country 







S eptember 6-12 
Monday : 
Tuesday : 
W ednesday : 
Thursday : 
Friday : 
a . m . :  8 : 00 
10 : 00 
11 : 00 
p . m . : ) : 00 
8 : 00 
a .  m . : 10 : 00 
p .  m . : ) : 00 
8 : 00 
a . m. : 10 : 00 
p . m . : ) : 00 
8 : 00 
a .  m. : 9 : 00 
p . m . : ) : 00 
a . m � : 10 : 00 
p. m. : ) : 00 
Equipment check out 
T eam meeting 
5 mil es - easy 
10 miles 1. effort at ;; 
5 miles - easy 
5 miles - easy 
10 miles at t effort 
5 miles - easy 
5 miles - easy 
8 miles at t effort 
5 miles - easy 
15 miles at � effort 
5 miles - easy 
5 mil es - easy 
5 miles - easy 
Week #1 , C ontinued 
13 mil es S aturday : 
20 miles Sunday : 
121 Total Miles 
W eek #5 October 4-10 
13 miles Monday : 
2 1  miles Tuesday : 
12 mil es W ednesday : 
15 miles Thursday: 
10 miles Friday: 
12 miles S aturday: 
20 miles Sunday : 
103 Total Miles 
a. m . : 8 : 00 
p . m . : 4 : 00 
a . m . : 
p . m. : 3 : 30 
a . m . : 
p .  m . : 
a . m . : 
p . m . : 
a . m . : 
p . m . : 
a . m. : 
p . m. : 
a .  m . : 
P •  m . :  
a . •  m . : 
a .  m . : 
p .  m . : 
6 0  
Leave for USD 
I nvitati onal , V ermilli on .  
4 mile cooldown after 
rac e  
5 miles - j ogged 
FREE 
· Fourth Annual "Oakwood 
Twenty" Road Runs -
us e this basically as a 
workout and not as a 
rac e .  
5 mil es - easy 
6 miles at )/4 effort 
8 x 220 - 30 to 33 -
220 jog rest 
5 miles - easy 
5 miles to ''Killer 
H ill " 
6 x 880 uphill _ - jog 
to bottom for rest . 
5 miles to gym , 
5 miles - easy 
7 miles - easy 
5 miles - easy 
10 miles at t effort 
5 miles - easy 
5 miles - easy 
Black Hills State 
College Invitati onal 
5 mile t eam cooldown 
FREE 
20 mile run ( in Blac k 
Hills ) 
Week #10 November 8-14 
11 mil es Monday : 
10 miles Tuesday : 
7 miles W ednesday :  
5 miles (?)  Thursday : 
5 mil es ( ? )  Friday : 
10 mi les Saturday : 
0 mil es Sunday : 
48 Total Mi les 
I ndoor Track 
a . m . : 
a . m . : 
p . m . : 
a . m . : 
p. m . : 
a. m. : 
p . m . : 
a. m . : 
p .  m . :  
a . m . : 
a . m . : 
p . m . : 
5 miles - easy 
6 miles - fast 
5 miles - easy 
5 mil Fartlek 
Fr ee 
6 miles at 3/4 effort 
8 x 220 - Fast 
220 walk rest · 
Free 
Your choic e  
Free 
Your choice  
NCAA College Divi sion 
Cross Country 
Championships , 
Wheaton , I l l . 
3 mile c ooldown 
Free 
Free or your choice 
The cross country team c ontinued to work in one . group from after 
cross country until after Christmas vacation.  Th e workouts were again 
mainly distance running designed to maintain their condition at the 
time . 
After Chri stmas vac ation the runners were plac ed in two groups . 
Three subj ects were put in a group that was to compete m
ainly in the 
1 000 yard run and mi le run � The remaining five runners performed 
61 
workouts d es igned to continue their cardi ovascular conditi ohing i n  
order to compl et e the two and thre e  m i l e  runs . 
The workout s for both groups wer e  structured so that a day of 
strenuous int erval trai ning was followed by a day of easy distanc e 
running .  The distanc e runs were to b e  c ompleted with t h e  idea being t o  
relax and recover from the previ ous day ' s workout . All distanc e runs 
were done outside i n  varying typ es of wint er weather . 
Training was geared t oward th e indoor c onferenc e meet throughout 
the indoor s eason , Two weeks pri or to the meet , the workout durations 
and intensiti es wer e  decreased and less repetiti ons of speed work were 
inc orporat ed in order to have the runners preparei for their best 
performanc es . The indoor confer enc e meet on March 11 , · 1972 , was the 
last indoor me et of the s eason . Examples of typical workouts before . 
and after Chri stmas vacat i on are shown below : 
W e ek #48 November 29 - D ec ember 5 - DISTANCE RUNNERS 
10 miles 





W ednesday : 
Thursday : 
a .  m . : 
p .  m . : . 
a . m . :  
p .  m . : 
a . m , : 
a .  m . : 
p .  m. : 
5 miles 
5 mile t eam run 
5 to .7 miles 
.5 miles - easy 
10 miles ( may be done 
in p. m . ) 
5 to 7 miles 
Your choic e 
Free 
62 
8 miles Friday : a . m . : 
P •  m . : 8 miles or your choi c e  
if going t o  Sioux Falls 
Road Rac e  t omorrow 
W e ek 1148 ( C ontinued ) 
10 miles Saturday : a . m . : 
10 miles Sunday : a.  m . : 
63 T otal Miles 
TWO MILE and THREE MILE GROUP 
January 31-February 6 
12 miles Monday : 
10  miles Tuesd ay: 
13 miles Wednesday : 
11 miles Thursday : 
5 miles Friday : 
? miles Saturday : 
10 mil es Suxi.day : 
61 Total Miles 
a. m . : 
p . m. : 
a , m , : 
p .  m . : 
a .  m . : 
p .  m . : 
a . m . : 
p . m. : 
a .  m . : 
p . m . : 
a . m . : 
63 
10 miles mini mum or run 
in S i oux Falls R oad 
Rac e 
10 miles any way you 
want to run them ( may 
b-.f done in p .  m. ) 
5 miles 
7 mi les 
7 miles 
Warmup - 10 x ll-40 -
1 min ,  res t - 7 0  s ec . 
cooldown 
5 mil es 
5 to 8 miles 
5 mil es 
4 mi l es 
8 x 220 
C o oldown 
31 to 33 
5 miles 
Your choice 
Bison Open , Fargo , 
North Dakota 
minimum of 10 miles 
( a . m. or p . m. ) 
1000 and NILE GROUP 
January Jl - February 6 
10 miles Monday : 
9 miles Tuesday : 
a .  m .  : · 
p .  m . : 
a .  m . :  
5 miles 
5 miles 
5 to 7 miles 
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p . m. : 4 x 880 - 5 _ min . rest 
8 x 220 - 45 sec . rest 
13 miles Wednesday : 
7 miles Thursday : 
5 miles Friday : 
? miles Saturday : 
10 mi les Sunday : 
54 Total Miles 
Outdoor Track 
a . m . : 
:p . m . : 
a.  m . : 
p . m. : 
a .  m. : 
p .  m. : 
a. �. : 
a . m. : 
5 mi les 
5 to 8 mil es 
5 to ? miles 
Warmup 
4 x 440 - 1 min.  rest 
63 to 64 
5 miles 
Your choic e  
Bison Op en ,. Fargo , 
North Dakota 
minimum of 10 miles 
(a . m . - or p . m . ) 
Aft er the c omplet i on of the indoor s eason, att ention was turned 
to doi ng strength int ervals where several repeats were done at varying 
distanc es at a c ertain :pac e ,  The individuals i n  each group
 remained. the 
same ,  although the d i fferent events in outdo or track mad e it nec essary 
t o  have an 880-mile group a..:'1d. a 2 - 3-6 mile group . G en erally , the same 
Pattern was used during the outdoor season as was us ed during th
e 
indoor s eason . Strenuous repeat workouts were followed by a day 
of easy distanc e running . An all-weather outdoor 440 yard track 
enabled outdoor workout s early in the spring . 
The outdoor conf erenc e meet again was the main meet t oward 
which t h e  preparati on and training were point ed , The main diff erenc e · 
in workouts during th e latt er part of the s eason was i ncreas ed speed 
work . All-out spe ed  workouts were done at least onc e a week . Examples 




11 mil es 
13 miles 
9 miles 
10 mil es 
? miles 
15 miles 
68 Total Miles 
Monday : 
Tuesday : 





a . m . : 
p . m. : 
a , m . : 
p .  m . : 
a . m . : 
p . m .  : 
a .  m .  : · 
p . m . : 
a . m. : 
p • m . : 
a .  m . : 





20 x 220 - 60 s ec .  rest 
(29 to 30)  
3 miles - easy 
5 miles 
8 miles 
5 mil es 
Warmup 
4 x 880 - 2 : 26 
( 2  min . res t ) 
4 x 440 - 62 
(2 min .  rest) 
4 x 220 - 26 to 27 
(2 min . rest) 
5 miles 
5 · mi les 
Meet or T ime ·Trial , 
Brookings 
15-20 miles - easy 
TWO , THREE , S I X  MI IE GROUP 
11 miles Monday : 
13 mil es Tuesday : 
10 mil es W ednesday : 
10 miles Thursday : 
5 miles Friday :  
? miles Saturday : 
10 mil es Sunday : 
59 Total Miles 
TWO , THREE , SIX MILE GROUP 
10 miles Monday: 
13 miles Tuesday : 
? miles W ednesday : 
a .  m . : 
p .  m . : 
a .  m . : 
p .  m. : 
a . m . : 
p . m. : 
a . m . : 
p . m. : 
a .  m . : 
p .  m. : 
a . m .  and p . m . 
p .  m . : 
a . m. : 
p .  m. :  
a.  m . : 
a. m. :  
p . m . : 
Apri l 17-2 3 
5 mil es 
Warmup 
20 x · 440 - 7 0  s ec . 





2 x 1320  - 3 : 20 
( 5  min . rest ) 
66 
3 miles easy to cooldown 
5 miles 
5 miles 
5 miles or Kansas R elays 
Kansas Relays or your 
choic e 
Kansas R elays or 
Northern I nvitational 




2 x 1 mile - 4 : 30 
( 5 min . rest ) 
3 mile easy run 
5 miles 
8 miles 
Your choic e  
Dakota Stat e ,  
Augustana 
Triangular 
.. \ . . . · ... 
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TWO ,  THREE , SIX MILE GROUP - May 1- 7 ( continued) 
10 miles Thursday : 
? miles Friday : 
? miles S aturday : 
1 0  miles Sunday : 
4 3 Total Miles 
a .  m . : 
p . m . : 
a . m . : 
:P • m .  : 
5 miles 
4 mi l es 
6 x 220 
C ooldown 
Your choice 
Your choic e 
a . m .  and p . m . : Howard Wood - Dakota 
S t at e  Relays , S ioux 
Falls 
p. m . : 10 miles easy suggest ed 
( your choic e ) 
6 8  
APPENDIX B 
TABLE V 
RAW DATA FOR WEIGHT 
T est T est T e s t  T e s t  Test T est T e st T est 
Subj ect I I I  I I I  I V  v IV VI I VI II 
G , B ,  143 . 0  141. 5 142 . 0 142 . 0 146 . 0 144. 0  143 . 0  145 . 0 
J '  E .  149 , 5 153 . 0 151 . 5 1 53 . 5 155 . 0 156 . 0 151 . 5 1 50 . 5 
G . H .  150 , 5 146 . 0 145 .  5 147 . 5  145 . 5 147 . 5 151 . 5 147 . 5 
G . K .  ll-1-8 . 0 144 . 0 148 . 0 150 . 0 150 . 0 150 . 0 148 . 0 148 . 0 
S . P . 1 51 . 0 143 . 5 146 . 5 148 . 0 149 . 0 . 147 . 0  147 . 0 146 . o 
D . S .  148 . 0 144 . 5 144 . 0 145 . 5 147 . 0  147 . 0 147 . 0 144. 0 
.J . T . 133 . 0 13 5 . 0 138 . 5 138 . 0 141 . 0 143 . 0 143 . 0 142 . 5 -
s .  u .  148 . 0 144 . 0 145 . 0  142 . 0  144 . 0 143 . 5 146 . 0 148 , 0 
Mean 146 . 41 ll�J . 94 143 . 13 145 . 56 147 . 19 147 . 2 5  147 . 13 146 . 44  
S . D . 5 . 55 4 . 6 5  3 . 64 4 , 38 3 . 95 3 , 98 3 . 05 2 , 40 
APPENDIX B 
TABLE VI 
RAW DATA FOR PERCENT BODY FAT 
Test T est T est T est Test Test T est Test 
Subject I I I  III I V  v VI VII VII I  
G . B .  9 , 94 10 . 40 9 . 50 9 . 27 9. 45 9 . 20 8 . 61 8 . 61 
J . E .  9 . 92 10 . 40 10 . 2 0 11 . 60 10. 87 10 . 62 9 . 69 8 . 67 
G . H .  7 . 94 8 . 2 0 9 . 40 8 . 35 7 . 18 7 . 43 8 . 01 8 . 09 
G . K . 8 . 54 6 . 80 8 . 04 8 . 01 7 . 05 7 . 38 6 . 80 7 . 05 
S . P . 7 , 72 7 . 80 7 . 29 6 . 28 6 . 81 5 . 80 6 . 05 6 . 38 
D . S .  7 . 11 7 . 40 8 . 02 8 . 60 7 . 69 8 . 35 7 ! 43 8 . 60  . 
J . T . 7 . 08 8 . 80 8 � 7 0 8 . 50 7 . 84 8 . 09 8 . 01 8 . 93 
s .  u .  10 . 05 10 . 50 10 . 63 11 . 05 8 . 29 9 ., 71 10 . 64 10. 71 
Mean 8 . 54 8 . 79 8 . 79 8 . 96 8 . 15 8 . J2 8 . 16 8 . 38 




RAW DATA FOR VERTICAL JUMP 
T est T est T es t  T est T est T est T est Test 
Subject I II  III IV v VI VII VIII 
G . B .  15.13 16 . 2 5  14. 75 16 . 7 5 )..7 . 00 17 . 2 5 15 . 75 17 . 50 
. J . E .  19 , 38 21. 38 20 . 75 21 . 75 21 . 25 20 . 00 22 . 13 23 . 13 
G . H . 18. 50 2 1 . 88 2 0 . 2 5  19 . 62 19 . 88 21 , 88 22 . 2 5 22 . 13 
G . K .  2 0 . 38 21 . 38 21. 13 20 . 25 20 . 75 22 . 38 19 . 7 5  22 . 2 5 
S .  P .  15 . 38 1 5 . 2 5  12. 25 14 . 00 16 . 25 15 . 00 16 ; 13 18 . 00 
D . S .  17 . 50 17 . 00 1_5 . _50 18 . 2 5  20 . 50 18 . 38 17 , 38 19 . JB 
J . T . 18 . 25 17.50 16.88 19 . 00 2 1 . 62 19 . 00 19 . 88 . 22.00 
s .  u .  18 . 88 18 . 38 20.25 20 . 5  19 . 50 20.38 19 . 50 21 . 50 
Mean 17 . 92 18 . 63 17 . 72 18 . 77 19 . 59 19 � 28 19 . 09 20. 73 
S. D .  1 . 73 2 . 42 3.12 2.29 1 . 84 2. 28 2. 33 2 . 00 
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APPESDIX B 
TABLE VII I  
RAW DATA FOR MAXIMAL v02 
Test Tes t T es t  Test T est Test T es t  Test 
Subjec t I II III IV v VI VII VII I  
G . B .  58 . 12 56 . 59 71 . 99 67 . 39 62 . 99 62 . 80 62 . 62 64 . 44  
J . E. 5? . 55 58 , 77 61 .64 66.68 65 . 51 64.63 66 . 42 58. 84 
C . H .  60 .63 59 . 87 71 . 00 69. 81 66 . 00 68 . 17 65 . 36 6 3.03 
G . K . 51 . 42 62 . 02 62 . 49 62 . 06 66. 05 6 5 . 55 67 . 27 63 . 64 
S . P . 60 . 70 63. 80 58 . 75 60 . 06 59 . 90 61 .67 60 .. 82 63 23 
D . S .  65 . 00 73 . 69 71 . 71 77 . 49 78 . 17 73 . 27 70 . 47 74 .. 84 
J .  T .  60 , 78 60 . 41 65 . 80 62 . 17 62 . 74 6 7 . 6 5  66 . 37 63 .. 19 
s . u .  59 . 70 62 . 11 69 . 32 69 . 79 69 . 96 64 . 48 66. 58 64. 55 
Hean 59 . 24 62 . 16 66 . 59 66. 93 66. 42 66. 03 65 , 74 64 . 47 




RAW DATA FOR o
2 
PULSE 
T est Test T est T est T est T est T est Test 
S ubject I II III IV v VI VII V I II 
G . B .  2 0 . 99 19 ,, 36 2 6 . 40 2 3 . 14 22 .. 2 3  21 . 86 22 . 12 23 . 56 
J • E. 21 . 29 22 . 71 23 . 58 2 5 . 2 8  2 5 . 08 24. 3 8  24. 1'? 21 . 41 
C . H . 21 . 16 21 . 13 24 . 33 25. 44 22 . 27 24. 84 24. 46 2 3 . 48 
G . K .  17 . 65 23 . 06 21. 90 2 1 . 74 2 5 . 02 23 . 28 2 5 . 09 22 . 30 
S . P . 2 5 . 40 21-1- . 2 0  2 3 . 29 22 . 9 5 24. 15 2 5 . 1 3  24. 19 2 3 . 84 
D . S .  24. 85 27 . 20 27 . 27 29. 12 29 . 68 28 . 47 28 . 03 29 .• 1.5 
J ,, T . 2 0 . 28 2 0 . 15 22 . 03 21 . 67 21 . 85 23 . 9  22 , 95 22 . 74 
s . u . 21 . 83 22 . 09 24 . 3 0 24. 48 24 . 89 22 . 37 2 3 . 5 23 . 10 
Mean 2 1 . 68 22 . 49 24. 14 24. 2 3  24. 40 24 • .28 24. 3 1  2 3 . 7 




RAW DATA FOR VE02 
Test Test Test Test Test Test Test Test Subject I II III IV v VI VII VIII 
G . B .  2 . 75 2 . 27 1 . 61 2 . 59 _2 . 38 2 . 83 2 . 58 2 . 46 
J . E .  2 .  56 2 . 82 2 . 96 2 . 59 2 . 88 2 . 69 2 . 77 2 . 95 
G. H. 2 . 61 2 . 89 2 . 72 2 . 93 3 . 25 2 . 87 2 . 85 2 . 99 
G . K .  2 . 71 2 . 59 3 . 01 3 . 14 2 . 67 3 . 15 2 . 76 3 . 31 
S . P . 2 . 31 1 . 98 2 . 17 2 . 34 2 . 31 2 . 04 2 . 24 2 . 62 
D . S .  3 . 01 2 . 69 2 . 85 2 . 81 2 . 77 2 . 86 2 . 59 2 • . 58 
J . T .  2 . 67 2 .  56 2 . 43 2 . 22 2 . 29 2 . 45 2 . 46 ' 2 . 21 
s .  u .  2 . 49 2 . 59 2 . 80 2 . 43 2 . 72 2 . 77 2 . 73 2 . 96 
Mean ' 2 . 64 2 . 55 2 . 57 2 . 63 2 . 66 2 . 71 2 . 62 2 . 76 
S . D .  . 19 . 28 . 45 . 29 . 30 . 31 . 19 . 33 ' 
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APPENDI X B 
. TABLE X I  
. 
RAW DATA FOR MAXIMAL VE 
T est T e st T es t  T est T est T es t  Test T e s t  
Subject I II I I I  IV v VI VII VIII 
G . B  • . 136 . 74 108 . 57 96 . 34 144. 14 127 . 90 151 . 96 136 . 60 135 . 61 
J . E. 131 . 51 145. 05 161 . l}3 157 . 76 172 . 99 183 . 90 170 . 68 1_54 . 87 
G .  H .  140 . 24 150 . 78 156 . 18 176 . 10 180 . 67 171 . 91 167 . 32 156 . 96 
G . K . 122 . 37 135 . 74 164 . 69 168 . 48 151 . 90 184 . 98 161 . 58 184 . 66 
S . P . 125 . 61 108 . 15 109 . 09 124. 06 121 .  98 106 . 76 118 . • 17 142 . 75 
D . S .  171 . 83 166 . 21 172 . 11 188 . 71 189 . 30 182 � 76 158 . 49 16L� . 48 
J- .  T .  138 , 36 124 . 77 129 . 8  113 . 94 120. 63 141 . OJ 137 . 62 122 . 55 
s . u .  130 . 42 135. 93 164 . 79 150. 41 161 . 64 165 . 96 155 . 15 167 . 32 
M ean 137 . 14 134 . 40 144 . 3 0 152 . 95 153 . 38 161 . 16 150 . 70 153 . 65 




RAW DATA FOR RESTING PULSE RATE 
T est T est T est T est T est Test · T est T est 
Subject I I I  I I I  I V  v VI VII VIII 
G . B . 45 45 42 40 40 41 44 40 
J . E . 51 48 48 50 49 50 48 46 
G . H . 48 46 46 48 46 46 45 46 
G . K .  58 50 48 59 48 56 56 53 
S . P . 41 47 48 50 48 52 46 . 51 
D . S .  40 . 40 45 40 40 39 40 40 
J . T .  60 53 59 57 52 44 50 51 
s .  u .  44 42 41 L�2 44 44 46 44 
Mean 48 . 38 46 . 38 47 . 13 48 . 2 5 45 . 86 46 .. 5 46 . 88 46 . 38 
S . D . 6 . 98 3 . 90 5 . 16 6 . 38 4 . 01 5 . 39 4 . 40 4. 66 
76 
APPENDIX B 
TABLE XI II 
RAW DATA FOR MAXIMUM HEART RATE 
Test Test Test Test T est Test Test Test · 
Subj ect I I I  I I I  IV v VI . VII VIII 
G . B .  180 188 176 188 188 188 184 180 
J . E . 184 180 ·130 184 184 188 188 188 
G. H. 196 188 184 184 196 184 184 180 
G .  l(.  196 176 192 192 180 192 180 192 
. S .  P .  164 1?2 168 176 168 164 168 176 
D . S .  176 176 172 176 176 172 168 168 
J , T ,  196 184 188 180 184 184 188 180 
s . u .  184 184 188 184 184 188 188 188 
Mean 184. 5 181 181 183 182 . 5 182 . 5  181 181 . 5 
S , D , 10 . 67 5 , 57 7 , 94 5 . 2.0 8. 93 9 . 11 7 . 94 7 . 19 
APPENDIX C 
1971 CROSS COUNTRY SCHEDULE 
Date Meet Distanc e 
S eptember 11 Universi ty of South Dakota 4 mil es 
I nvitati onal 
S eptember 18 South Dakota Stat e University 5 miles 
I nvitati onal 
S ept ember 2 5 Roe Granger I nvitational 4 miles 
October 2 Wayne S t at e  ( Mi ch . ) Dual 5 miles 
October 9 Black Hills State College 5 mil es 








Dec ember 29- 3 0  
January 1 5  
University o f  S outh Dakota 5 miles 
Dual 
U . S .  Air Forc e Academy , 4 miles 
Adams S tat e ,  C olorado Stat e 
University , S outh Dakota Stat e 
Univers ity ,  Triple Dual 
North Dakota Stat e Universi ty 5 miles 
Dual 
S . D . USTFF Cross Country 10 , 000 
Champion.ship met ers 
North C entral Cross C ountry 5 miles 
Championship 
National Collegiat e Athletic 
Association Me et 
5 miles 
1971-72 SDSU INDOOR-OUTDOOR TRACK SCHEDULE 
7th Annual K . C .  Saskatchewan 
Indoor Track Meet 
North Dakota Stat e University 
Dual 
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T eam Result s 






Won . one , · lost 
two 
Lost 
No t eam s.cor e  
S ec ond 
Fourth 
T eam Score 
No t eam score 
Won 










April 1 5  






June 1- 3 
Bi s on Open 
Northwest Op en 
Mankat o State Dual 
St . Olaf Dual 
NCIAC I nd o or Tra c k  C hampi onships 
Arkansas R elays 
C orn Palac e R el ays 
Uni v ers ity of S outh Dakota Dual 
S ou t h  Dakota S tate University 
I nvi tat l onal 
Kansa.s R elays 
Drake R elays 
Augustana-Dakota S t at e ,  Univers i ty 
of S askat chewan Quadrangular 
Howard W o od-Dakota R elays 
NCIAC Outdo or Track and Field 
Champi onships 
NCAA Coll ege Divi s i on Track and 
Fi eld Champi onships 
NCAA University Divi s i on Track 
and Fi eld C hampionships 
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T§am R esults 
No t eam s c ore 
No t eam s c ore 
Won 
W on 
S eco nd :place 
No t eam s c ore 
No t eam s c ore 
W on 
No team score 
No t eam sc ore 
No t eam sc ore 
First 
No t eam score 
S econd plac e 
1 8th place 
SDSU d.id not 
pla c e  
